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ABSTRACT 
 
 
 
 
 
 
As the problem of undesirable and potentially hazardous noise has become serious, the 
demand of better environment is increased and becomes a major requirement. Acoustical 
material which plays important roles in acoustic engineering. Polymer foam composites 
(PFC) were developed for absorption material based on epoxy, renewable monomer from 
waste cooking oil, isocyanates and wood fiber fillers. The polymer foam composite 
(PFC) were fabricate based on four percentages of wood fiber filler loading which are 5, 
10, 15, and 20 wt % ratio of polyol for two types size of Meranti Merah (MM) in powder 
and flakes form. A set of samples for sample tube 100 mm diameter for low frequency of 
0 to 1500 Hz, while the small sample tube of 28 mm diameter is to measure the high 
frequency absorption level of 1500 to 6000 Hz. Furthermore, the samples were irradiated 
in ultra violet exposure in the UV Weatherometer to examine the stability of the PFC. 
Meanwhile, three different thickness of PFC that is 10 mm, 20 mm and 30 mm were also 
tested in impedance tube test for its acoustic property. The result revealed that the higher 
wood filler loading and higher the thickness of polymer foam, the higher the sound 
absorption coefficient 
(α). The morphological pores structures show slightly decrease in sizes due to the 
increasing fiber filler loading while the pores structures show slightly increased on 
increasing UV irradiation exposure hours. It is therefore revealed that the polymer 
foam composite (PFC) whether based from epoxy (E) renewable monomer (RM) 
with different percentage loading of fiber filler as well as different thickness shows 
remarkable characteristic of sound absorption coefficient. The highest sound 
absorption coefficient (SAC) is 0.999 for sample EF2030 while the lowest SAC is 
0.600 for sample RM at different frequency absorption levels. It is best to conclude 
that, the higher percentage loading of fiber flakes filler as well as the highest 
thickness of foams revealed the most promising characteristic of sound absorption 
material, thus suggesting the optimum composition ratios of fiber filler at 30 % wt. 
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ABSTRAK 
 
 
 
 
Oleh kerana masalah bunyi bising yang tidak diingini dan berpotensi merbahayakan 
telah menjadi serius, permintaan persekitaran yang lebih baik meningkat dan menjadi 
keperluan utama. Barangan penyerap bunyi memainkan peranan penting dalam 
kejuruteraan akustik. Busa polimer komposit (PFC) dibangunkan untuk bahan 
penyerap bunyi berdasarkan epoxy, monomer boleh diperbaharui dari sisa minyak 
masak, penghantar silang dan pengisi serat kayu. Ia terdiri daripada tiub sampel besar 
100 mm diameter untuk frekuensi rendah dari 0 hingga 1500 Hz, manakala tiub 
sampel kecil diameter 28 mm adalah untuk mengukur tahap penyerapan berfrekuensi 
tinggi dari 1500 hingga 6000 Hz. Sampel telah didedahkan dengan ultra violet dalam 
UV Weatherometer untuk memeriksa kestabilan PFC. Gabungan busa polimer (PFC) 
dibuat berdasarkan empat peratus pemuatan pengisi serat kayu iaitu 5, 10, 15, dan 
20% bagi nisbah polyol untuk dua jenis saiz serat Meranti Merah iaitu dalam bentuk 
serbuk dan serpihan. Sementara itu, tiga ketebalan PFC yang berbeza iaitu 10 mm, 20 
mm dan 30 mm juga diuji dengan ujian tiub impedans untuk menguji akustik sampel. 
Hasilnya menunjukkan pemuatan pengisi kayu yang lebih tinggi dan semakin tinggi 
ketebalan busa polimer, semakin tinggi pekali penyerapan bunyi (α). SEM digunakan 
untuk mengenal pasti struktur pengisi serat dan busa polimer dengan nisbah pengisi 
serat yang berbeza. Struktur liang-liang menunjukkan sedikit pengurangan saiz 
kerana pengisi serat yang semakin meningkat peratusannya manakala struktur liang-
liang menunjukkan peningkatan sedikit pada peningkatan jam pendedahan UV. 
Sebagai kesimpulan, busa polimer komposit (PFC) sama ada berasaskan epoxy (E) 
atau renewable monomer (RM) dengan kadar pemuatan peratusan yang berlainan 
pengisi serat dan ketebalan berlainan menunjukkan keupayaan untuk mempengaruhi 
pekali penyerapan. Pekali penyerapan bunyi tertinggi (SAC) ialah 0.999 untuk 
sampel EF2030 manakala SAC terendah ialah 0.600 untuk sampel RM pada tahap 
frekuensi yang berbeza. Akhir sekali, pemuatan peratusan yang lebih tinggi daripada 
pengisi kepingan serat dan ketebalan adalah paling sesuai untuk bahan penyerapan 
bunyi, bagi komposisi nisbah 30% wt. 
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CHAPTER 1 
 
 
 
 
 
 
INTRODUCTION 
 
 
1.1 Background of Study 
 
 
Noise is any sound that is noticeably unpleasant, undesired, unwanted or that causes 
disturbance to people and impairs people’s health. As the problem of undesirable and 
potentially hazardous noise has become serious, the demand of better environment 
and residential safety is increased and becomes a major requirement. Based on 
acoustical material which plays an important role in acoustic engineering such as for 
room acoustics, industrial acoustics, studio acoustics and automotive acoustics 
(Knapen et al., 2003; Youn & Chang, 2003). 
 
In the recent years, a number of studies have been carried out to develop new 
materials and technologies in improving the sound absorption properties. An example 
of polymers (Urea-formaldehyde and Polypropylene) mixed with natural fibre 
(Kenaf) were studied for their sound absorption coefficients (Elammaran. J., 2013). 
Nano fiber layers have different properties in comparison with conventional material 
like glass wool and felts used for sound absorption (Bihola. D. V., 2016). The sound 
absorption panel developed by using processed tea-leaf-waste material (Ersoy & 
Kucuk, 2009), melamine foam (Kino et al., 2009) and fabric (Dias et al., 2007). 
 
Recently, the natural cooking oils are considered to be one of the most 
important classes of renewable source and has high potential to synthesis and become 
a new polyol sources for polyurethane to substitute the commercial polyol in 
manufacturing polyurethane. The synthesis of polymeric materials from renewable 
resources has been and remained until this date as one of the greatest challenges for 
the scientific community. Nowadays, considering the economical and environment 
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concern, together with an increasing dependence on petroleum resources have 
reinforced the need of using sustainable renewable resources. 
 
In this study, polymer foam composites (PFC) were developed based on 
crosslinking of polyol from epoxy and renewable monomer, flexible isocyanates and 
fiber wood filler. In this situation the sawmill and furniture industry are the source in 
producing a valuable product by their excessive, of fiber wood waste. This practice 
will require less energy, diminishes pollutants and reduced cost. This practice also 
uses the concept of sustainability of manufacturing technology that is known in the 
manufacturing industry by today to illustrate the green environment for future 
generation. Therefore, in this study Meranti Merah wood was used because of its 
excessive sources of the furniture manufacturing. 
 
The acoustical properties (sound absorption coefficient) of the composite 
were determined to investigate the influence of fiber wood filler in polymer foam 
composites. Meranti Merah wood is choose because of their available and ability. 
 
 
1.2 Problem Statement 
 
 
In recent years, the consumption of crude oil is 85 % was used for energy generation; 
fuel for transportation (45 %), electrical generation and heating (42 %) and plastics 
(13 %). In the plastic industry, all thermosets are made up of 85 % of the total plastic 
industry and polyurethane represents 5 % of the total plastic market (Singh. B., 
2008). Coupled with the recent escalating price of petroleum reaching USD 53 per 
barrel (Crude oil price forecast, 2015), it is also hoped the findings of the present 
study will be utilized to replace some petroleum-based plastics and thus, reduce the 
dependence and consumption of petroleum oil. Furthermore, the current intensive 
awareness on environment, green and environmental friendly products are gaining 
attention and their demand is ever growing. 
 
Moreover, in Malaysia, Small Medium Entrepreneurs (SME) has facing problems 
with the overloaded waste cooking oils. Waste cooking oils has proven to be a 
problematic material, and most people do not know how it should be managed. Certainly, 
it should not be poured down the drains of the kitchen sink. It can clog the sanitary sewer 
system and causing costly backups. Furthermore, the lack of awareness about proper 
waste cooking oils management has been concern due to the environmental pollution 
particularly land and water pollution and reduce the hazardous 
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effect to human health. Realistically, in term of health awareness, abundance and low 
cost, renewable polymer foam from waste cooking oils with relatively simple processing 
is the alternative recycling method to provide a good solution to the society. 
 
Wood fiber is structural materials in plants and the most abundant biomass in 
earth. However; there are lacks studies regarding the utilization of wood in polymer 
foam composite. Most of the prior studies are only focusing on the alternative polyol 
from renewable natural source from rice husk, castor oil and soybean oil. Other than 
that, there are few studies regarding the wood fiber with the different particle sizes 
and percentage loading in polymer foam composite. Hence, this research is come out 
to focusing on the studies of the effect of percentage loading, particle sizes and 
thickness sample in acoustical behavior of polymer foam composites (PFC). Thus, 
the urgency of this study is to recycle an economical and high quality of alternative 
natural filler for polymer composite and ability to increasing to resist weather ultra-
violet (UV) irradiation exposure. 
 
Sound absorptive materials may also be used to control the response of artistic 
performance spaces to steady and transient sound sources, thereby affecting the 
character of the aural environment, the intelligibility of unreinforced speech and the 
quality of unreinforced musical sound (Firdaus, 2011). Combining absorptive 
materials with fiber produces composite products that can be used to advanced 
condition. All noise control problem starts with the spectra of the emitting source. 
Therefore, Francisco. S., & Jaime. P., (2004), tells that sound absorbing materials are 
chosen in terms of material types and dimension, and also based on the frequency of 
sound to be controlled. Koizumi et al. (2002) reported that an increase in sound 
absorption coefficient with a decrease in fiber diameter helps in sound absorption. 
This is because, thick fibers can move more easily than thin fibers on sound waves. A 
study by Youn. E. L., & Chang. W. J., (2003) concluded that the rough fiber content 
increases sound absorption coefficient values due to an increase in airflow resistance 
by means of the friction of sound wave through the porous material. Number, size 
and thickness of struts are the important factors of sound absorption mechanism in 
porous materials. 
 
At the present time, green technology is proposed to be used in manufacturing 
materials from wood-based material as substitute to synthetic fiber for noise absorption 
purposes. Natural fibers have many advantages compare to synthetic fibers, for example 
low weight, low density, low cost, acceptable specific properties and 
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recyclable or biodegradable. These materials have demonstrated good distinctive 
features from the both of aspect of sound qualities and mechanical. Zolkarnaian et al., 
(2007) has studied, at low frequency, 0 – 500Hz, sound absorption of polymer foam 
with natural fiber filler. 
 
 
1.3 Hypothesis of research 
 
 
i. Synthesis of renewable monomer from waste cooking oil by epoxidation 
and hydroxylation process with crosslinker to produce renewable polymer 
foams. 
 
ii. To prove that production from Meranti Merah wood fiber can be used as 
an alternative filler for FCs. 
 
iii. To prove that the wood filler FC have high resistant against prolonged 
ultraviolet irradiation exposures 
 
iv. The sound absorption properties of polymer foam and its composite are 
not significantly changed after UV irradiation exposure. This is important 
since this property leads to the ability of polymer to dissipate sound wave 
and energy through absorption on the polymer structure. 
 
 
1.4 Objective of Study 
 
 
The objective of this research will focus on: 
 
i. To fabricate polymer foams from sustainable resources based on waste 
cooking oil and petroleum-based epoxy and its composites with different 
percentage wood fiber filler loading. 
 
ii. To determine the sound absorption coefficient of polymer foams and its 
composites with different thickness and fiber filler loading. 
 
iii. To evaluate the sound absorption coefficient properties of polymer foam and 
its composite after ultra-violet (UV) irradiation exposure. 
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